Summary A translocation heterozygote (without any marker phenotypic trait) is screened in Nigella sativa L. (black cumin) following the exposure of dry seeds (moisture content: 5.0%) to 300 Gy gamma irradiations (one out of twelve). On selfing (53 seeds sown), one heterozygote is detected out of seven survived plants at R 2 . Compared to 6 II formation (2n=12) in PMCs of standard normal plants, the heterozygotes form either a ring or a chain quadrivalents in association to bivalents and univalents (2n= 12) in 52.68% (R 1 ) and 30.07% (R 2 ) meiocytes. Ring configuration and adjacent orientation of the multiples are more found to occur predominantly in R 1 than R 2 heterozygote. Pollen grain fertility and seed setting are found to vary between the translocation heterozygotes irrespective of orientation of the multiples. From the prevalence of ring interchange complexes, it is presumed that the breakpoints are closer to centromere. Furthermore, configurations of the interchange complexes highlight the possibility of two longer pairs of chromosomes to be involved in reciprocal exchanges. A possible genetic control of translocation heterozygote is predicted.
Reciprocal translocation involving two pairs of nonhomologous chromosomes is an important cytological event in plant species for transfer of desirable traits (Sears 1956 , Gustafsson 1965 , raising of trisomics (Sutton 1939 , Ramage 1960 , Ashraf and Bassett 1987 , Lakshmi and Nalini 1989 , Auger and Birchler 2002 , development of hybrid seeds as well as seedless varieties (Zhang et al. 2012) apart from possessing academic significance (Burnham 1956 , Sybenga 1975 , Tripathi and Kumar 2009 . Since the first report of reciprocal translocation in Stizolobium deeriingianum (Florida velvet bean) by Belling (1914) , the phenomenon is found to occur both in natural (Gupta et al. 2010 , Rana et al. 2012 , Kumar and Singhal 2013 , Singhal et al. 2016 ) and mutagen induced (Hsieh 1961 , Sjodin 1971 , Driscoll 1965 , Kalloo and Das 1971 , Biswas and Datta 1985 , Verma and Raina 1982 , Srivastava and Kumar 2011 , Kumar and Dwivedi 2013 population of different plant species including N. sativa (Saha and Datta 2002) and N. damascena (Anindita and Datta 2006 ) but partial to total gametic sterility (male, female or both) prevailing in them (Burnham 1956 , Gohil and Koul 1978 , Singhal and Gill 1981 , Datta and Biswas 1986 , Saha and Datta 2002 , Sharma and Gohil 2003 , Koul et al. 2013 ) is a major hindrance for their perspective exploration in the field of cytogenetics. With the view to it, the present communication describes the meiotic configurations and fertility aspect (studied from microsporogenesis) of a translocation heterozygote screened from gamma irradiated R 1 population and from its progeny heterozygote at R 2 of N. sativa L.
Materials and methods

Germplasm
Mother seed stocks of Nigella sativa L. (moisture content 5.0%) was obtained (as breeders seed) from Pulses and oil seed research station, Berhampore, Govt. of West Bengal, India.
Screening of plants with heterozygous translocation
During the course of routine male meiotic study of gamma irradiated (25, 50, 100, 200 and 300 Gy; source 60 Co; absorbance dose rate 47.4 Gy min 1 ; source to distance 12 cm) R 1 population (irradiated seeds were sown in the experimental field plots of Kalyani University, 100 in each lot including control) of N. sativa dry seeds, a translocation heterozygote was screened from 300 Gy (one out of twelve; initial screening was made by pollen grain fertility-sterility analysis and subsequently from meiotic chromosome behavior). The heterozygote was without any detectable phenotypic marker trait except possessing weaker morphology. On sowing of 53 seeds (selfed seeds from two floral buds; selfing by nonabsorbent cotton plugging), seven plants were raised, out of which a plant showed interchanged complexes in the meiocytes.
Meiotic analysis
Due to paucity of floral buds only two in each case (R 1 and R 2 heterozygotes) were fixed (between 6:00 am to 7:00 am during the month of January) in acetic alcohol (1 : 3; v/v) for overnight, washed in ddH 2 O and stored in 70% alcohol. PMCs and pollen grains were stained in 1% acetocarmine solution following anther squash preparations. Pollen grains stainability was used to ascertain fertility (Marks 1954) , and uniformly stained pollen grains were considered fertile. For meiotic configurations, well scattered meiocytes were scored at metaphase I (MI) and anaphase I (AI). Anaphase II (AII) cells were also scored. Photomicrographs were taken from temporary squash preparations and suitably enlarged. A control set was uniformly maintained. In the present study, multiples noted in the heterozygotes were attributed as adjacent and alternate based on the proposed configurations of Burnham (1956) and Sybenga (1975) .
Results
Male meiotic studies depicted 2n=12 chromosomes always in both normal plants and in R 1 and R 2 translocation heterozygotes (Tables 1, 2; Fig. 1a-i) . Mean chromosome association per cell at MI is 0.53 IV +4.79 II +0.31 I in R 1 and 0.30 IV +5.05 II +0.70 I in R 2 heterozygotes compared to 6 II ( Fig. 1a ) in control plants (Table 1) . Of the variable types of chromosome associations scored in the heterozygotes (Fig. 1b-g ), PMCs with 6 II formation is predominant in R 2 heterozygote as in standard normal; while cells with 1 IV +4 II is maximum in R 1 heterozygote (Table 2 ). About 52.68 and 30.07% of the meiocytes of R 1 and R 2 heterozygotes respectively show either a ring (Fig. 1c-e) or a chain (Fig. 1f-g ) quadrivalent formation ( Table 1) . Preponderance of ring interchange complexes and prevalence of adjacent orientation of the quadrivalents are noted in the heterozygotes. Furthermore, configurations (ring:chain; R 1 χ 2 = 0.440 for 3 : 1 segregation at 1df, p 0.05; R 2 χ 2 = 0.285 for 3 : 1 at 1df, p 0.05) and orientations (adjacent:alternate; R 1 χ 2 = 0.049 for 3 : 1 segregation at 1df, p 0.05; R 2 χ 2 = 0.630 for 3 : 1 at 1df, p 0.05) of the multiples are in accordance to Mendelian segregation pattern. In comparison to control (100.0% in all cases), the heterozygotes manifest nearly balanced (6/6- Fig. 1h ) AI (R 1 96.36%; R 2 85.00%) and in AII (R 1 95.19%; R 2 100.00%) segregation of chromosomes. Few AI and AII cells of the heterozygotes show unequal (5/7) segregation (Fig. 1i ) of chromosomes and laggard (1 to 2) formation respectively. However, compared to control plants, pollen grains fertility and seed yield in the heterozygotes reduced markedly. The R 2 heterozygote is found seedless irrespective of open pollination and on selfing. 
Discussion
Occurrence of ring and chain interchange complexes at MI involving two non-homologous pairs in more than 30.0% meiocytes of R 1 and R 2 marked plants suggest translocation heterozygosity. The high frequency of ring multiples indicate that the site of chromosomal breakages are proximal to centromere and the interchanged segments are more or less equal in length as suggested earlier by Saha and Datta (2002) in the species. Chain of four chromosomes is formed when the exchanged chromosomal part is relatively short resulting in complete fall out of chiasma at pachytene (Burnham 1956 , Burnham and Hagberg 1956 , Soriano 1957 , Kalloo and Das 1971 . The species possessing 2n=12 chromosomes with nearly graded karyotype (Saha and Datta 2002, Anindita and Datta 2006) , and from the configurations of the interchange multiples studied it is presumed that the two longest pairs of the somatic complements are involved in reciprocal translocation.
In the present investigation, configurations (ring dominant over chain) and orientations (adjacent dominant over alternate) of the multiples show Mendelian pattern of segregation (3 : 1) as evinced from χ 2 test analysis. Anindita and Datta (2006) assessed translocation heterozygotes in N. damascena at different generations and opined that a possible genetic control exist over the cytological phenomenon. Kaul (1977) on theoretical basis assumed that breakage and exchange of heterologous chromosomes are genetically controlled and conditioned thereby eliminating the chance factor for the prevalence of ring or chain or both. Rickards (1964) suggested 1 : 1 segregation in interchange complexes as centromere behaves in twos and not independently. On the contrary, orientation in translocation heterozygotes is considered mechanical with genetic control as secondary determinant factor (Garber and Dhillon 1962, Zaman and Rai 1972) . The R 1 heterozygote possesses relatively higher (74.07%) frequency of PMCs with adjacent orientations of the multiples than R 2 heterozygote (69.77%), and as expected produces enhance pollen grain sterility following duplication and deficiency of genes. It is rather interesting to note that R 1 heterozygote with low pollen grain fertility (34.42%) yield seeds (though in low amount compared to standard normal plants) but the R 2 plant with high fertility (76.06%) is seedless. On open pollination, the R 2 heterozygote also fails to produce seeds suggesting the possible association of defective female gametogenesis. Thus, it can be inferred that due to reciprocal translocation genetic makeup (possible change in linkage groups) of R 1 heterozygote is altered and reflected in progeny heterozygote at R 2 .
